The metalloligand [Ni(pedt) 2 ] À (pedt = 1-(pyridine-4-yl)ethylene-1,2-dithiolate) has been incorporated into two multi-dimensional structures for the first time. These coordination frameworks represent highly unusual interpenetration isomers and exhibit solid state redox and optical properties that reflect the electronically delocalised nature of the metalloligand.
Metallodithiolenes represent an intriguing class of compounds due to their capacity to undergo organic-centred redox processes and the creation of stable radical states. As such, they have been subject to intense investigation for their electroactive, conductive and magnetic properties. [1] [2] [3] Despite the considerable potential of [Ni(pedt) 2 ] nÀ (n = 0, 1, 2) as a non-innocent component in multidimensional materials, coordination to a secondary metal centre via pyridyl binding has been reported just once to date, and then only in a discrete assembly where the metalloligand was charge neutral and diamagnetic. 4 It has also been synthesised as a discrete neutral species, 5 monoanion, 6,7 dianion, 6 and diprotonated monocation. 7 The pendant 4-pyridyl groups are well suited for metal ligation and in the radical monoanionic state this may be expected to be particularly favourable both for electrostatic and charge-balance reasons, the latter removing the necessity for a counterion. Its planar conformation is reminiscent of simpler, oft-used pillars in metal-organic frameworks and more generally in coordination polymers. Allied to this, the potential for rich redox chemistry, the presence of paramagnetism in the native monoanionic state and an extensive p-system renders [Ni(pedt O in DMF at room temperature yielded two crystalline phases, 1 and 2, which are interpenetration isomers of one another. ‡ Such isomers arise when frameworks possess nets with identical topologies but differing degrees of interpenetration. The observation of such a phenomenon is relatively scarce since subtle alteration in reaction conditions rarely forms multiple distinct frameworks, whilst larger changes often encourage the formation of different, non-isomeric frameworks. 8, 9 1 consists of non-interpenetrated stacks of (4,4) sheets whilst 2 possesses 2D inclined two-fold interpenetration of three sets of (4, 4) sheets. The nets have the same molecular formula (excluding solvent), {M[Ni(pedt) 2 ] 2 (solvent) 2 }, and connectivity (see Fig. 1 and 2), differing only slightly in their geometry; 1 possesses a kite-shaped grid, while 2 is nearer to square-shaped (see ESI, † Fig. S4 ). A phase-pure sample of 1 can be synthesised by performing the reaction in mixed solvents (DMF-EtOH), which expedites crystallisation. The onset of crystallisation is instantaneous and the product can be harvested in reasonable yield immediately or in higher yield after 24 h. By contrast, crystallisation of 2 in DMF only becomes . The overall topology of 2 consists of three stacks of 2D sheets with a common axis down c, at angles of 601 to one another. Every window is penetrated by just one other net (two-fold interpenetrated). The distance between each layer within a stack is now dictated by the periodicity of the windows (O3/2a = 21.9 Å), rather than the van der Waals forces between the layers as in 1. So whilst 1 contains only moderate voids in the grid windows (20% solvent accessible with unbound solvent artificially removed), 2 possesses large triangular channels with edges in excess of 20 Å. These channels are connected through pores along a and b resulting in 75% solvent accessible void (calculated with 0.1 Å grid spacing and 1.2 Å probe radius) (see Fig. 3 ). Rather unusually, this observation is contrary to the general consensus which suggests that interpenetration suppresses porosity.
It is unusual for the less densely packed phase to be the thermodynamic product. Stabilisation of this much more open phase appears to be associated with the more favourable interlayer interactions achieved through interpenetration at the expense of the entropic penalty commonly associated with the formation of more open framework systems (see ESI, † Section 4 for a more thorough discussion). The structure of 2 is unusual even in isolation since examples in which more than two stacks of 2D sheets are present appear very limited. [10] [11] [12] [13] The electronic properties of the [Ni(pedt) 2 (which are poorly resolved in the solid state), and additional ICT bands above 25 000 cm À1 (400 nm) (see Fig. 4 ).
Measurement of 1 revealed that the NIR transition shifted only 7 nm (80 cm

À1
) to lower energy upon incorporation of the ligand into the framework, whilst the high energy ICT bands above 25 000 cm À1 remain predominantly the same. The decrease in intensity of the peak at 20 000 cm À1 and corresponding appearance of a peak at 16 400 cm À1 (610 nm) results from the coordination of the pyridyls to the Zn(II), which increases their electron accepting nature and thus narrows the SOMO -LUMO gap (see Fig. 4 ). Such an observation has previously been reported for [Ni(Hpedt) 2 ] + . 7 These data suggest that the radical/paramagnetic nature of the metalloligand is indeed maintained in the framework.
[Ni(pedt 2 )][Et 4 N] is known to possess three accessible redox states;
7 the monoanionic dithiolate core undergoes one reversible oxidation process to the neutral species and a reversible reduction to the dianion (see ESI, † Fig. S7 ).
The redox behaviour of 1 was investigated using solid state cyclic voltammetry in aqueous 0.1 M KCl electrolyte (see Fig. 5 ). The framework was found to undergo a single reversible oxidation process at E 1/2 = 0.26 V (vs. Ag/AgCl) corresponding to oxidation of the ligand. The redox couple is largely reversible as indicated by its I a /I c value of 0.72; however, DE = 420 mV is significantly larger than the 57 mV expected for a one electron process.
14 This behaviour has been observed previously in solid state electrochemistry and has been attributed to the energy barrier for solid-solid transformation. 15 A second peak assigned to reduction of the ligand was observed at À0.51 V. The irreversible nature of this second process suggests that the framework is unstable to formation of the dianion. We may therefore deduce that the metalloligand can be cycled between its paramagnetic monoanionic state and diamagnetic neutral state upon exposure of the framework to a suitable potential, applied either by chemical or electrochemical means. In summary, the metalloligand [Ni(pedt) 2 ] À has been incorporated into a coordination framework where it retains its redox activity for the oxidation couple, which may have special consequence in high magnitude spin environments. 16 Work is underway to investigate the potential for incorporation of magnetically interesting divalent metals into similar systems and to probe the possibility of switchable electronic and magnetic exchange mediated by the redox active ligand. We also present a second framework which is an interpenetration isomer of the first, yet presents a starkly different 3D topology that to our knowledge is unique.
Financial support for this work was provided by the Australian Research Council. Collection of single crystal diffraction data of 2 was undertaken on the MX2 beamline at the Australian Synchrotron, Victoria, Australia, and we thank them for access to their facilities. 4 N] (53 mg, 0.10 mmol) was dissolved in DMF (5 mL). Zn(NO 3 ) 2 ÁxH 2 O (15 mg, 0.05 mmol) dissolved in DMF (5 mL) was added expeditiously, a plastic lid attached and the reaction vessel shaken vigorously. The reaction was left to proceed for one week before large dark purple single crystals of 2 were removed. Single crystals of 2 are easily distinguished from 1 as they possess one long axis.
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